Abstract: Magnetic position sensors have several advantages which make them attractive for automotive applications: they are contactless (there is no mechanical wear-out), insensitive to dirt, low cost and MMT has been a leader in the development of solutions based on measurement of magnetic field amplitude based on Hall effect. In this paper, we will present a new generation of position sensors. This new development is based on the direction measurement of the magnetic field generated by a diametrically magnetized magnet [1]. We will focus on through shaft 360°angular sensors and linear sensors adapted to large displacements [10…200 mm]. In the following article, first the rotary sensor principle is explained and then its derivative. The basic design considerations are explained through examples of automotive applications and more particularly through examples of powertrain transmission sensors.
Introduction
In usual transmission system (manual or automatic) gears are changed by the mean of a cable which interfaces between the shifter and the gear box. But recently, new systems were introduced for conventional manual or automatic transmissions where the target is to replace the cable by an electromechanical device in a gear box. (shift-bywire). Historically, the placement of shift levers in automobiles has been limited primarily to the space between the driver and passenger seats due to the mechanical cable linkage necessary to connect the lever to the vehicle's gearbox. Shift-by-wire systems were developed to eliminate the need for the mechanical cable linkage by electronically controlling the shifting in a vehicle.
These kinds of electromechanical systems require a position sensor to monitor the position of the gear shift lever or to provide an indication of the transmission operation. One can find many different types of sensors to fulfil this function, linear sensors, rotary sensors, digital or analog directly attached to the gear shift lever or integrated in an electromechanical system in a gear box. One can see in figure 1 an example of a manual gear box with an actuator and clutch with sensor integrated.
Moreover on table 1 you can see some examples of applications where sensors are required in a transmission system.
One typical example is an electromechanical system (upper centre in the table 1) which has recently been launched on the market. This system integrates a rotary sensor to monitor the position of the output shaft of the shift by wire actuator. 
Shift lever sensor

Rotary or Linear position sensor
The position sensor detects up and downshift requests and are also used for Selector Lever position indication
Clutch
Position sensor
Linear position sensor
Input from the linear sensor providing exact clutch position. Table 1 : Sensors examples located in a gearbox
We will see through this paper that all these sensors (rotary or linear ) can be replaced by the very new MMT position sensor generation.
New generation of Field Direction Sensor
Measurement of angular position using variation of magnetic field amplitude induced by the displacement of a moving magnet has been intensively developed over the last fifteen years. However, these solutions have limits in terms of angular range and temperature influence. Recently, new solutions based on the determination of the angle of a rotating magnetic field have been developed. They allow for a measurement of angles up to 360°with limited temperature influence using sine and cosine signals generated in a plane by a rotating magnet. Typical set-up of these solutions is to use a permanent magnet with a bipolar magnetization placed at one end of a shaft and facing a dedicated Hall ASIC. However, several applications require a through shaft, which prevents from using the basic principle described hereabove. For this reason, MMT has developed and patented innovative solutions for through shaft magnetic position sensors using measurement of the angle of a rotating magnetic field, with a probe put next to the magnet. The principle is also valid for linear sensors. 
Principle
In the proposed sensor solution [2] the ASIC for magnetic field measurement is put next to a diametrically magnetized magnet ring (Figure 3) , and, in this case, the angle of the magnetic field does not follow the rotational angle of the shaft. In this case, we should consider the magnetic field components separately. Theoritically, the solution for magnetic induction outside a diametrically magnetized infinitely long cylinder can be found in literature [4] . The following analytical solution for radial and tangential field component is obtained: where:
Ring magnet can be represented as a difference between two disk magnets, so the solution for its magnetic field will have the same form. An example is given in figure 4 , the results are obtained by boundary element software [5] . reason for this is found in the magnetizing process: the magnetizing field is refracted on a magnet surface, due to boundary conditions [4] . In order to compute the angle of rotation, two different gains are applied to signal components, before the angle computation. Then it is possible to obtain the rotational angle by computing the arc tangent. Angle computing block is illustrated in figure  7 , G1 being in general case different from G2. Another possibility is to use axial and tangential field components. It could be useful for some embodiments needing the probe close to the magnet. Magnetic flux sensor can be a multi-axis Hall effect device that is commercially available from Melexis [6] for instance.
Practical realization
The 360°through shaft technology can be used in a lot of automotive applications. At the beginning it was designed for the steering angle measurement. Indeed the steering angle sensor must deliver an absolute position signal over 360°, must be through shaft, and requires a very good accuracy. A typical design for this application is shown in the figure 8 and the measurement results of this sensor can also be seen in this figure 8. With this sensor, we have tested the influence of some geometric defaults that can occur during the life of the sensor. By design, this new generation of sensor is not sensitive to radial and axial shift since we measure only the direction of the field, not the amplitude of the field. To check this insensitivity to geometric defaults two kinds of geometrical faults 
Magnetic Field Linear Position Sensor
Principle
The evergrowing need for an improved sensor that displays minimal deviations due to changes in temperature and that can be adapted for use over a wide range of measurement angles is also valid for the measurement of linear displacement. Therefore MMT has tried and succeeded to extend the principle of the 360°through shaft technology to the measurement of distance. The idea is very simple and by consequence very smart. For the 360°s ensor the magnet is a complete ring, diametrically magnetized to get rotating magnetic field vector. The original idea was to magnetize diametrically a flexible magnet wrapped around a ring and then unroll it for use in a linear sensor configuration. This principle is illustrated in Figure 12 . The original idea came from the use of a flexible magnet but it might lead to some industrialisation issues, since a flexible magnet is not easy to handle in a production process. Therefore MMT has developed some specific fixtures to avail magnetization of classical rigid bonded magnets (NdFeB, Ferrite). This specific tooling allows getting a perfect sinusoidally variation of the magnetic field with displacement. 
Practical realization
Magnetic Field short angle Position Sensor
Principle
)LJXUH 3URFHVV WR JHW D VKRUW DQJOH VHQVRU
In other possible embodiments, only a small part of a ring magnet could be used to measure an angle inferior to 360°degrees of rotation of an attached object. A lot of automotive application does not require measuring the complete rotation of an object but only 50°to 90°of rotation (gear shift lever, Fuel sensor, EGR valve etc…). In this specific case it can be cost effective to save magnet volume and so to use only a tile magnet instead of a complete ring. From what have been seen up to now, there are two solutions to realize such sensor (table 2) : -To use a tile magnet diametrically magnetized and have a partial magnetic field rotation and -to use a tile magnet sinusoidally magnetized to get a complete magnetic field rotation 
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Both solutions are valid, on one hand the first solution is very simple to magnetize but a little bit more sensitive to some defaults and on the other hand the second solution is more accurate in term of angle Resolution and insensitive but requires a specific magnetization tooling to be able to use a classical rigid magnet.
Practical realization
The sensors used to monitor the position of the gear shift lever or to provide an indication of the transmission operation are usually rotary position sensor for strokes from 40°to 90°. That means the sensors presented in this section are well indicated.
One can see an example of an integrated sensors to provide the position of the shift lever. As indicated previously, we have two solutions for magnetizing a tile magnet as a short stroke position sensor. Both solutions diametrical and sinusoidal are presented through measurement results.
Diametrically magnetized
In this configuration, we have a 100°tile magnet (figure 18) magnetized diametrically. One can see the radial and tangential components of the magnetic field generated by this magnetization in the same figure. The blue curve corresponds to the non linearity (NL) at -40°C, the green one to the NL at 25°C and the red one corresponds to the NL at 150°C. One can see we got an accuracy of +/-0.24°over the complete temperature range without any deterioration of the non Linearity.
Sinusoidally magnetized
In this configuration, we have a 80°tile magnet magnetized sinusoidally and one can see the radial and tangential components of the magnetic field generated by this magnetization in the figure 21. 
